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The seed coat formation was observed in Apostasia nipponica Masamune. The placental ridge and ovule 
formation began about 40 and 14 days before flowering, respectively. The funiculi are bent, and inner and outer 
integuments and megaspore mother cell are distinct at the time of flowering. The inner and outer integuments 
consist of two or three cell layers. The cells of the inner integument cover directly the embryo sack, and then 
are eventually disorganized. The cells of the outermost layer of the outer integument become transparent and 
the cells of the second layer of the outer integument become enlarged and sclerotic with dark deposits. 


In most species of Orchidaceae, only the outer¬ 
most layer of the outer integument persists as the seed 
coat, and the other layers are disorganized (Swamy 
1949). The cells of the seed coat are usually dead and 
have transparent cell walls. In a few species the seed 
coat becomes thickened as seen in Apostasia nuda, 
Selenipedium chica and Vanilla planifolia (Garay 
1960). In Vanilla planifolia both outer and inner 
integuments take part in seed coat formation and the 
outermost layer of the outer integument becomes 
highly sclerotic with dark deposits (Swamy 1947). In 
the other two genera the process of seed coat forma¬ 
tion has not been described yet. 

In this study the seed coat formation is reported in 
Apostasia nipponica. 


Materials and Methods 

The ovaries of Apostasia nipponica were collected 
during September 3 and March 19,1989, during June 
29 and September 3, 1990 and during May 11 and 
June 28,1991. The materials for microtome section¬ 
ing were fixed in FAA containing 50% ethanol, dehy¬ 
drated in /7-butyl alcohol series, and embedded in 
paraffin. Serial sections were cut at ca. 6 pm and 
stained with Delafield’s haematoxylin. 

Results 

Ovary development-The ovary has a single cavity 
with three risings of ovary wall (Fig. 1). Placental 
ridges are formed from the margins of the ovary 
risings (Fig. 2). Two rows of ovules are usually 
produced on one placental ridge (Fig. 3). Placental 
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Figs. 1-5. Development of ovary. Fig. 1. An ovary showing risings of ovary wall (cross section). Fig. 

2. Formation of placental ridges (cross section). Fig. 3. Development of the ridges (cross section). 
Fig. 4. Ovary showing three locules (cross section). Fig. 5. Ovary about 5 months after flowering 
(cross section), c = rising of ovary wall; ov=ovule; pr=placental ridge; s = seed; v = vascular bundle. 
Bars indicate 0.1 mm in Figs. 1-4 and 0.5 mm in Fig. 5. 


ridges and ovules are visible about 40 and 14 days 
before flowering, respectively. The three ovary wall 
risings grow further and eventually fuse together to 
form three locules (Figs. 3-5). Thus, each of locule 
contains two rows of axial placenta and four rows of 
ovules. 

Ovule development - One of the subepidermal 
cells of the placental ridge divides frequently (Fig. 6) 
and forms an ovule intial (Fig. 7). Then, the initial 
forms a linear row of nucellar cells besides an epider¬ 
mal layer (Fig. 8). The funiculus bends, and outer and 
inner integuments are formed from the epidermal 
cells (Fig. 9). The terminal cell of the nucellus be¬ 
comes a megaspore mother cell (Fig. 9). Flowers open 


at this stage of ovule development. The funiculus 
bends 360° and the tip of the ovule faces the foot of the 
funiculus. The outer and inner integuments consist of 
mostly two, sometimes three cell layers (Fig. 10). No 
cell layers are differentiated between the megaspore 
mother cell and the nucellar epidermis. The inner 
integumentary cells grow up over the nucellar epider¬ 
mis and completely cover the embryo sack (Figs. 11, 
12). These inner integumentary cells are disorganized 
when embryos start to develop (Figs. 13, 14). The 
outermost cell layer of the outer integument becomes 
thin and transparent (Figs. 13,14). On the other hand, 
the cells of second layer of the outer integument 
become enlarged (Figs. 11-13). As the embryo devel- 
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Figs. 6-14. Development of ovule I. Fig. 6. Placental ridge showing an enlarged subepidermal cell 
(longisection). Fig. 7. Differentiation of nucellar cells (longisection). Fig. 8. Nucellar cells arranged 
in a line (longisection). Fig. 9. Formation of outer and inner integuments and megaspore mother cell 
(longisection). Fig. 10. Young ovule with elongating outer and inner integuments (longisection). Fig. 
11. Mature ovule with thin outermost cell layer and thickened second cell layer of the outer 
integument (longisection). Fig. 12. Ovule at the same stage as Fig. 11 (cross section). Fig. 13. Mature 
ovule with further thickened second cell layer (longisection). Fig. 14. Ovule at the beginning of 
embryo development showing the membranous outermost cell layer and the thickened second cell 
layer (longisection). e = embryo; es = embryo sack; f = funiculus; i = inner integument; m = 
megaspore mother cell; n = nucellus; o = outer integument; oi = the second cell layer of outer 
integument; oo = the outermost cell layer of outer integument; ov = ovule; pr = placental ridge. Bars 
indicate 0.02 mm. 
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Figs. 15-17. Development of ovule II. Fig. 15. Ovule showing early stage of sclerotic cell wall of the 
second cell layer (longisection). Fig. 16. Ovule showing the sclerotic second cell layer (longisection). 
Fig. 17. Mature seed (cross section), e = embryo; oi = the second cell layer of outer integument; oo 
= the outermost cell layer of outer integument. Bars indicate 0.05 mm. 


ops, about 60 days after flowering, the inner and side 
cell walls of the second cell layer become sclerotic 
with dark deposits (Fig. 15), but the outer cell wall 
does not become sclerotic (Figs. 16, 17). Seeds ma¬ 
ture about 8 months after flowering. 

Discussion 

In Apostasis nipponica placenta and ovule forma¬ 
tion begins about 40 days and 14 days before flower¬ 
ing, respectively, and inner and outer integuments and 
a megaspore mother cell are already differentiated at 
the time of flowering. In most species of Orchidaceae, 
except Cypripedioideae, ovule formation initiates af¬ 
ter pollination by the stimulatory effect of an auxin 
from the pollen (Wirth and Withner 1959). In 
Cypripedioideae ovule formation begins before polli¬ 
nation; in Cypripedium pubescens an ovule possesses 
a megaspore mother cell and inner integuments, and 
funiculus is somewhat bent at the time of pollination 
(Duncan and Curtis 1942), and in C. parviflorum an 
ovule possesses a megaspore mother cell (Carlson 
1940). These facts may indicate that Apostasia and 
Cypripedium, both of which are considered to be 
primitive in Orchidaceae, share the same char¬ 
acteristic of not demanding any stimulation by polli¬ 


nation on ovule formation. 

In Vanilla planifolia both inner and outer integu¬ 
ments take part in seed coat formation and the outer¬ 
most layer of the outer integument becomes sclerotic 
with black deposits (Swamy 1947). In Apostasia 
nipponica two cell layers of outer integument take 
part in seed coat formation, the outermost layer be¬ 
comes thin and transparent, and the second layer 
becomes sclerotic with dark deposits. Vanilla and 
Apostasia are markedly different in the origin of the 
sclerotic seed coat, although their appearances are 
similar. The way of seed coat formation as in Apostasia 
nipponica has never been reported. This evidence 
supports an idea to separate Apostasioideae from 
Orchidaceae. 

We would like to thank Mr. Yukio Yamaguchi for 
helping us to supply the material. 

References 

Carlson M. C. 1940. Formation of the seed of Cypripedium 
parviflorum. Bot. Gaz. 102 : 295-301. 

Duncan R. E. and Curtis J. T. 1942. Intermittent growth of fruits 
of Cypripedium and Paphiopedilum. A correlation of the 
growth of orchid fruits with their internal development. 
Bull. Torrey Bot. Club 69 : 353-359. 

Garay L. A. 1960. On the origin of the Orchidaceae. Bot. Mus. 
Leafl. Harvard Univ. 19 : 57-96. 





August 1993 


Journal of Japanese Botany Vol. 68 No. 4 


223 


Swamy B. G. L. 1947. On the life-history of Vanillaplanifolia. 
Bot. Gaz. 108: 449-456. 

- 1949. Embryological studies in the Orchidaceae. I. 

Gametophytes. Am. Midi. Nat. 41(1): 184—201. 

Wirth M. and Withner C. L. 1959. Embryology and develop¬ 
ment in the Orchidaceae. In Withner C. L. (ed.), The 
orchids; A scientific survey. Ronald, pp.155-188, New 
York. 

•SB 

fc a 

HWE©*J40 

*9, 14 

S. ^39tR*<kc;jEWMIHIia 


—2f, 

frzmim ©$® £<&*?, ^ *n^'ti 

£*:, £*WB© 

? >f4©^i£©®T'te, 

lo < ’oit* 

©®Tii Vanilla planifolia © =t 9 L 

&©#*£. LfrU €©i§£te 

tz Apostasia nipponica © J; 9 Kl$ 2 JU@ 

ctite 

t^'>77 >3Ef4£3fc£L fz^9 '> -7 7 >14 11 

<5. 



